This paper reviews the advancements made in ambulatory data logging used in the study of human subjects since the inception of the analogue tape based data logger in the 1960s. Research into the area of ambulatory monitoring has been rejuvenated due to the development of novel storage technologies during the 1990s. Data logging systems that were previously impractical due to lack of processing power, practical size and cost are now available to the practitioner. An overview of the requirements of present day ambulatory data logging is presented and analogue tape, solid-state memory and disk drive storage recording systems that have been described in the literature are investigated in detail. It is proposed that digital based technology offers the best solution to the problems encountered during human based data logging. The appearance of novel digital storage media will continue the trend of increased recording durations, signal resolution and number of parameters thus allowing the momentum gained throughout the last several decades to continue.
Introduction
The use of portable, or ambulatory, data loggers in clinical settings has become increasingly prevalent during the last decade. They are utilized in disciplines where a brief analysis may not be reflective of the overall situation, for example respiration analysis, and offers the clinician the ability to obtain long-term data. ECG monitoring, mobility assessment and monitoring of drug therapy are examples of the key applications of such data loggers. A drive towards the ability to store increasing numbers of data when recording or to increase the accuracy of the stored data is being led by researchers involved in novel monitoring, for example non-visual motion analysis (Lin et al 2000) . The ability for a clinician to obtain long-term data sets, for example 72 h of mobility data and/or EMG data, is required to aid the advancement of clinical research. The opportunity to implement these requirements has been made possible by the PC led semiconductor technology revolution of the last several decades. Several technologies that were previously impractical, due to size, lack of processing power and cost, are now in development. A consequence of long-term monitoring is the need to analyse massive data sets; this requirement is however somewhat alleviated by the increased processing capability of today's computer workstations. The demands made by researchers, clinicians and medical technologists, together with the advancement of relevant technologies, have driven the development in advanced ambulatory data collection. This paper reviews the evolution in medical data logging technology reported in the literature from the ECG data logger described by Holter in 1961 to the present day and will indicate future trends.
As with any data recording procedure, the main considerations when using ambulatory monitoring are to ensure that the sampling frequency and the resolution are sufficiently high to enable faithful reproduction of the recorded signal, to ensure that the monitoring period is of sufficient length to monitor the activity of interest and to allow the subjects to continue to perform their usual daily tasks without hindrance allowing natural unencumbered monitoring. Attempts have been made to increase the monitoring time and number/resolution of samples that can be obtained from an ambulatory subject (Kao and Jan 1995 , MoeNilssen 1998a -c, Petley et al 1998 . When attempting to increase monitoring time or number/resolution of samples the main factor reported by all studies is the trade-off between sampling frequency/resolution and monitoring time. For example, an increase from eightbit resolution (256 possible values) to 12-bit resolution (4096 possible values) increases the storage volume requirement by 50% for a digital system; the same increase is found for both digital and analogue systems when the sampling frequency is increased by 50%.
There are two possible approaches to extend the recording duration available: one is to increase the storage capacity of the recording media, the second is to use data reduction algorithms to reduce the amount of storage required for a specific duration. Although the introduction of higher-capacity storage media has offered a part-solution to the problem, a reduction in the storage volume required for a data set is still advantageous, allowing a further increase in either monitoring time or sampling rate. This has led to several techniques being employed to reduce the storage volume required for a specific data set, for example the use of firmware based data reduction algorithms, where mathematical algorithms reduce the storage volume for a data set allowing the data to be reconstructed, following storage, using similar algorithms (Pfister et al 1989) and real-time data-averaging (Tepavac et al 1992) . The complexity and immense variety of both firmware and algorithm based data reduction techniques lies outwith the scope of this review.
Two technologies appear at the forefront of current ambulatory data logging research: solid state memory (Petley et al 1998 , Moe-Nilssen 1998b and hard drives/disk drives (Foerster et al 1999, Kao and Jan 1995) . The continued use of magnetic tape as the storage medium in clinical environs (Polleto 2000) warrants its inclusion in this review, although no new data loggers based on this technology have been reported to the authors knowledge since Dahnoun et al in 1990. This paper reviews the technological advancements made in ambulatory data logging systems since the inception of the analogue magnetic tape based data logger in the 1960s. An overview of the requirements of present day ambulatory data logging is presented in section two, each recording technology will be discussed in section 3. Future directions for ambulatory monitoring are suggested in section 4, and conclusions are drawn from the review in section 5. Several illustrative examples are used throughout the text to demonstrate the suitability of each technology to monitoring requirements.
Ambulatory monitoring requirements
Numerous physiological, biomechanical and peripheral parameters have been data logged successfully using ambulatory monitoring, including ECG (Holter 1961) , oesophageal motility and pH profile (Breedijk et al 1989) , planter pressures (Zhu et al 1991) , bladder pressure monitoring (Petley et al 1998) and gait-related accelerometric signals (Moe-Nilssen 1998c) amongst others. The requirements for the collection of different parameters will vary due to characteristics of the signal being recorded and the purpose of the recording, including the sampling frequency, resolution, number of channels and the recording time required. Table 1 outlines several applications where ambulatory monitoring techniques have been used successfully and separates these into sub-categories relating to the produced data volume. Eight-bit resolution has been the most widely reported resolution related to ambulatory monitoring, and thus a resolution of eight bits has been assumed for all parameters. Table 1 illustrates the required storage capacity for one hour of recording for each parameter, the differing requirements are obvious. Three sub-categories have been defined to aid comparison throughout this paper, outlined in table 2. The sub-categories are defined by typical applications of ambulatory data-logging: sub-category 'low' is illustrative of parameters that exhibit slow changes, for example respiration analysis, sub-category 'mid' representative of such parameters as accelerometry based mobility assessment and technologies incorporating data reduction techniques, and sub-category 'high' indicative of the maximum sampling rates typically associated with ambulatory data-logging.
Ambulatory monitoring technologies
Each storage technology has inherent characteristics independent of how the medium is utilized. Magnetic tape, for example, can record four analogue signals of bandwidth <18 kHz for one hour on an inexpensive medium. If increased recording time is required, by reducing the tapespeed, the available bandwidth decreases linearly to ≈750 Hz at 24 hours. When considering digital storage media the sampling rate, channel count and channel resolution are limited only by the analogue-digital converter (ADC) and the access time of the storage media used in the system, 16-bit 12-channel 100 kHz ADCs and fast access memory are commonplace today, both which exceed the requirements for ambulatory monitoring. The available recording time when using reusable digital storage media is dependent on the media's memory capacity; hard drives are available with capacities of 400 G bits allowing recording of a sub-category 'high' parameter for <3 years. The capacity obtainable from solid state memory (SSM) is theoretically unlimited, but practically limited by cost and the physical size of the data logger. An ambulatory data logger should not impede the patient, thus a physical volume of less than ≈500 cm 3 is required; hard drives offer higher data storage per cm 3 than SSM. Magnetic tape is the most power conservative media, with hard drives offering better power consumption per M byte than SSM.
Analogue magnetic tape based data loggers
Holter (1961) described a continuous ambulatory magnetic tape based data logger to acquire long-term ECG data, which with further development resulted in its widespread use within clinical settings. The first medium to be used for ambulatory data-logging by Holter (1961) continues to be used as the typical recording medium for routine patient monitoring (Poletto 2000) utilizing equipment based on the same design principles as described by Holter (Petley et al 1998) . The data logger allows collection of 24 h of data on a C60 analogue tape by reducing the tape speed, causing a consequential linear reduction in available bandwidth. A single frequency signal should be recorded onto one of the channels of the tape allowing timing errors, which may occur due to tape non-uniformity and tape speed errors, to be corrected during post-processing (Hutchison 1997) . Dahnoun et al (1990) used a similar system to that described by Holter (1961) for collection of ultrasonic Doppler blood velocity data. The data logger used a timer circuit to record two channels of data for 20 s at selectable intervals. This procedure was used to prolong battery life, but resulted in the logging of only 1% of the total data available during the monitoring time. Obviously, this approach would only be suitable for parameters where intermittent sampling is deemed acceptable. It is not reported whether the 25 h of data-logging was achieved on one cassette tape and from only one set of batteries. No reference signal was recorded during monitoring, thus the non-uniformity of the tape and the tape speed was not accounted for, and as a result errors may exist during post-processing. Although a clinical trial was conducted the results from the data logger were not compared to that of a calibrated instrument, consequently the accuracy of the resulting measurements is unknown. Obtaining calibration data may be a hindrance when developing data-logging instrumentation, but these data are an essential requirement.
Despite pre-processing of the data being carried out by Dahnoun et al (1990) errors may have been introduced by abnormalities in tape speed (Tepavac et al 1992) and composition (Hutchison 1997) . Thus only three channels are available for use when considering magnetic tape for ambulatory monitoring, as the other channel should be used as a reference signal (assuming four-track recording). This imposes a large limitation to the number of parameters that can be successfully collected and meaningfully reconstructed. The bandwidth limitation imposed by reducing the tape speed also limits the use of magnetic tape (Kao and Jan 1995) . Using analogue multiplexing these limitations may be alleviated; it may be possible to monitor several parameters and record in excess of one channel of data on a single channel of the tape (Anderson et al 1999) .
Digital based data loggers
Digital recording/storage has become the standard recording/storage media for almost every storage application in the developed world. Although there are several digital based storage media, only two have been widely reported in connection with ambulatory monitoring, solid state memory and magnetic based hard/disk drives. They both offer the advantages of speed/ease of data transfer/access and data evaluation on today's desktop PCs, alleviating the requirement for expensive single-application evaluation hardware, a requirement when considering analogue based data loggers (Pfister et al 1989) .
Solid state memory based data loggers.
The semiconductor revolution has led to the production of higher-capacity SSM modules with faster access speeds at significantly lower cost, allowing SSM to be considered as a storage media for ambulatory monitoring. Meijer et al (1989) used 16 kbyte of SSM to record body accelerations for energy expenditure assessment. This basic device used a pre-storage counter, where trigger pulses were counted, converted and stored every minute, allowing the data logger to record for 11 days at 8-bit resolution. Advancements were made by Zhu et al (1991) to log plantar pressure data using a microprocessor controlled 128 kbyte data logger, permitting the monitoring of 14 sensors to 8-bit resolution at 20 Hz for seven minutes: the complexity of data storage utilizing high capacity SSM makes the use of a microprocessor essential. The data logger could remain powered for 10 h on a 2500 mA h 9V AA battery based power supply. Tepavac et al (1992) used a single-chip microcomputer to control the collection and storage of two channels of ECG data. The data logger was equipped with a total memory capacity equal to that of Zhu et al (1991) . By reducing power consumption of the system the data logger could be powered for ≈32h with a 2500 mAh 9V AA battery based power supply. Pre-storage processing was carried out where 150 samples were averaged over 1.5 s and the resultant value stored; this allowed recording to last 24 h. Petley et al (1998) increased the storage capacity available on a microprocessor based SSM data logger to 512 kbyte. Further advances were made by Petley et al (1998) by constructing the prototype data logger with separate digital and analogue circuitry, that enabled the user to '. . . design dedicated front end analogue circuits for new applications'. The data logger records eight channels, each with 8-or 12-bit resolution, pre-storage processing or direct storage and data protection on power-down. Power consumption of the data logger was reported as high and battery life was not reported for any other application than the monitoring of four channels to 8-bit resolution at 1/60 Hz, where a 2500 mA h 9 V AA battery based power supply lasted in excess of four days. Pfister et al (1989) used a microprocessor based data logger and utilized 'intelligent' data logging to measure three-channels of oesophageal pressure to 8-bit resolution at 5 Hz. The memory capacity of the data logger (128 kbytes) was filled to capacity in only 3 h during normal operation. The 'intelligence' of the data logger arose from pre-storage processing, storing only signals above a predetermined threshold ±1 s, reducing the volume considerably. This reduction in the required data storage capacity in conjunction with successful power management enabled the system to monitor for 24 h on a 2500 mA h 9 V source. Utilizing pre- storage processing Breedijk et al (1989) successfully compressed 870 kbytes of oesophageal motility and pH profile data to 40 kbytes allowing 24 h monitoring of one pH signal (0.125 Hz), two pressure signals (5 Hz) and two symptom indicator channels (0.125 Hz). The microprocessor based system had a capacity of 51 kbytes of SSM. Pre-storage processing involved the use of a threshold level similar to that described by Pfister et al (1989) .
Moe-Nilssen (1998a-c) is the first to report on the use of a commercially available general-purpose data logger for the ambulatory monitoring of human subjects, specifically accelerometric signals.
The portable PCMCIA (Personal Computer Memory Card International Association) based data logger described utilizes a 20 M.byte PCMCIA SSM card allowing storage of up to 1.85 h of data at <512 Hz. The recent development of greatercapacity PCMCIA SSM cards may lead to the further development of this system, and MoeNilssen (1998a) reported no limitations for the use of higher-capacity memory cards. The lifetime of the power source is not reported as the recording duration required was within these limits.
An example of a single-purpose data logger is the Dynaport ADL (Activities of Daily Life) data logger (McRoberts B V, The Hague, Netherlands). The data logger records the signals of three accelerometers to a 10 Mbyte SSM card with analysis achieved with specialized software. The sampling rate and resolution of the data logger is not reported although the data logger is reported to have the capability to monitor for 24 h using only one 10 Mbyte SSM card (McRoberts 2000). Busser et al (1997) used the system successfully and reported high agreement figures (73-91%) between the results from the Dynaport and video data. Figure 1 illustrates the continual advancement made in the reported SSM data loggers: the calculations for maximum sampling time were based on the sampling of a sub-category 'low' parameter (see table 2 ).
The use of SSM as a data storage medium has advanced greatly during the last decade: the storage capacities of the reported data loggers have increased bar Petley et al (1998) , who reported on low data-volume parameters and utilized pre-storage algorithms for data reduction. The advance made by Moe-Nilssen (1998b) was considerable, an increase of almost 400-fold compared with that reported by Breedijk et al (1989) . The main limitation reported by all SSM based studies is available battery life; SSM consumes power continuously to maintain/refresh the memory contents (Floyd 1999) . The reported non-availability of highcapacity SSM modules in the late 1980s (Breedijk et al 1989) has become less of an issue as SSM technology advances and the cost reduces. The advancement in SSM technology has also led to a reduction in power consumption, ≈0.188 mW byte . The introduction of commercially available SSM based data loggers offered several advantages over non-commercial models, mainly the reduced unit size, improved reliability and integral advanced power management. Utilizing commercial SSM based data loggers also has its downside: the flexibility offered by the system described by Petley et al (1998) may not be achievable. This lack of flexibility has been reported as one of the main reasons for the development of several in-house SSM based data loggers (Breedijk et al 1989 , Zhu, et al 1991 , Pfister, et al 1989 , Petley et al 1998 . The price of commercially based SSM data loggers may also be prohibitive (Zhu et al 1991) . Despite these shortcomings it is obvious that commercially available data logger kits, for example those available from Onset (Onset Computer Corp., Bourne, MA, USA) that allow flexibility for the researcher to design an analogue front-end to meet their requirements (Onset 2000), may be the way forward for SSM based data loggers. The Onset data loggers also offer the advantage of data processing software provided in the PC environment (Bouten et al 1997) and have been used successfully by Dingwell et al (1997) to measure ground reaction forces over a 10 h period.
Hard drive/disk drive based data-loggers.
The use of SSM as a storage medium has its inherent problems; the use of hard drive/disk drive (HD/DD) technology however facilitates the storage of substantial amounts of data without the need for continual refresh. The capacities of HD/DD have increased exponentially over the last decade with capacities of over 25 Gbytes (400 Gbits) now widespread and easily affordable. The physical size of HD/DD has reduced due to the increasing interest in the portable computing market; typical dimensions are 100 × 70 × 17 mm 3 with a weight of 0.185 kg (see figure 2) (IBM 2000a). The development of small, large-capacity, shock-protected, low-power-consuming HD/DDs enables this medium to be considered for ambulatory monitoring. HD/DDs offer the advantages over magnetic tape of speed/ease of data transfer and data evaluation and in contrast with SSM have the advantages of non-volatility, and the capability of direct insertion to a host PC for post-storage processing (Kao and Jan 1995) . Kao and Jan (1995) developed an ambulatory data logger based on an IDE controlled 100 Mbyte PCMCIA based DD. The IDE interface offers the simplest control procedures with low power consumption (Alford 1991) . The microprocessor based data logger enables monitoring of eight channels at 500 Hz at a maximum of 12-bit resolution. The shock/vibration characteristics of the DD are suitable for human subject ambulatory monitoring (Maxtor 1993). To save power and reduce the function time of the DD, a 128 kbyte SSM cache was used; this prolonged battery life by reducing the duration the DD was active. Further power conservation was achieved by powering down each component when not in use. With this advanced power management the data logger functions for 6 h at a 2 kHz sampling rate on a 2000 mA h 6 V power source, a significant improvement on SSM based data loggers; obviously a reduction in sampling rate would extend the battery life further (Kao and Jan 1995) .
When considering high-sampling-rate, long-term monitoring applications further development of HD/DD based data loggers is required, as HD/DD is currently the only portable digital storage medium that can provide sufficient storage (Kao and Jan 1995) . The DD based data logger developed by Kao and Jan (1995) offers several enhancements over SSM data loggers: the increase in available storage capacity, the ease and speed of data transfer between the storage medium and the host PC and the non-volatility of the stored data. Other enhancements not unique to HD/DD data loggers are the availability of a real-time waveform and the display of intelligent error messages, these features could be built into SSM based data loggers with minimal circuitry, although the addition of these to magnetic tape based data loggers could be highly complex. The limited battery life of the data logger is a major shortcoming: this is recognized by Kao and Jan (1995) , who utilized advanced power management (APM) to extend battery life. The available battery life, even with the APM, still falls short of that required for long-term monitoring.
Commercially available HD/DD based ambulatory data loggers (CAAMs) have been available from several manufacturers during last decade. Continual improvements have been made and the availability of increasingly compact and powerful data loggers during the past several years is evidence of this, although the success of these units has not been reported in the literature. As previously mentioned there are several reasons behind in-house development, but the true cost of in-house development is often underestimated and the cost of development time, servicing costs etc may not be accounted for in initial comparisons. The cost of CAAMs varies greatly from approximately $4000 to $12 000 (at the time of going to press) dependent on the features and complexity offered by the data logger.
Initially developed in the late 1980s by Stephan et al (1989) the Vitaport system (Temec Instruments B.V., Kerkrade, Netherlands) has been the most widely reported CAAM used in ambulatory monitoring, including cardiovascular response (Jain et al 1996) , accelerometric signals in psychopharmacology (Tulen et al 1997) , mobility-related activities (Bussmann et al 1998b) , cardiovascular measurements (Tulen et al 1998) , posture and motion (Fahrenberg et al 1997 , Foerster et al 1999 and respiration analysis during sleep (Jain et al 1996) . The microprocessor controlled Vitaport II data logger offers <520 Mbyte of available storage on a PCMCIA compatible HD/DD, 16 kHz (divided by number of channels) 12-bit resolution sampling, >24 h recording time from a 2800 mA 6 V power supply, additional attachable modules allowing up to 64 simultaneous channels, on-line supervision via a modem, and individual channel programmability (sampling rate, processing algorithms etc) in a 700 g 150 × 90 × 45 mm package (Temec 2000a, b) . The user can program the data loggers in SPIL (Signal Processing and Inferencing Language) (S.P.I.L.
© ; Jain et al 1996) , developed to allow rapid development of data reduction schemes, for example FFT (fast Fourier transform) and FTFT (fast time frequency transformation) algorithms (Martens 1992) .
One notable study by Bussmann et al (1995) used the Vitaport II system and SPIL software for short-term monitoring of accelerometric mobility data. A second study by Bussmann et al (1998a) reports on a validation procedure to quantify motor behaviour utilizing the Vitaport II system. The validation procedure resulted in predictive agreement of between 83% and 96% when compared to video recordings (Bussmann et al 1998a, b) . The importance of any validation procedure is stressed by the authors.
The studies by Bussmann et al (1995) used the Vitaport II for an application outlined at the inception of the Vitaport data logger (Jain et al 1996) and did not test the long-term monitoring capabilities. The data logger is reported as being small enough to preclude significant interference with the participants' performance (Fahrenberg et al 1997) . The flexibility offered by add-on modules may suppress the previously reported limitations of CAAMs (Breedijk et al 1989 , Zhu et al 1991 , Pfister et al 1989 , Petley et al 1998 .
The Vitaport is an example of a data logger suitable for measurement of multiple physiological parameters; meanwhile the previously mentioned SSM based Dynaport ADL data logger is an example of a single-parameter data logger, developed for monitoring activities of daily life (ADL) (Busser et al 1997) . The Dynaport and Vitaport data loggers are only two examples of a number of CAAMs currently available. The two data loggers vary significantly in their applications; the Vitaport is an example of a system that can be developed to measure an immense variety of wide-ranging parameters whereas the Dynaport illustrates a data logger limited to the measurement and assessment of only one parameter (Busser et al 1997) . Although a single-parameter system may be further developed by the manufacturers for the monitoring of multiple parameters this flexibility is not offered to the end user.
Future technologies
With the development of digital technology and the acceptance of digital systems by the consumer, extensive research and development in portable digital consumer electronics is underway, the results of which will impact on ambulatory monitoring. Digital technologies such as compact-flash SSM, Memory Stick (Sony Elec., San Jose, CA, USA), Microdrives (IBM Corp., San Jose, CA, USA) and Clik! disks (Iomega Corporation, Europe S.A.), are amongst an increasing number of emerging technologies that may offer solutions to those involved in the development of ambulatory data loggers. The advantages and suitability of future technologies to the requirements of ambulatory monitoring merit investigation. Table 3 outlines the characteristics of a number of novel digital storage media currently available.
These advancements enable the continual development exhibited over the previous four decades to continue. These technologies, and future enhancements, must be investigated as they emerge, they may alleviate the problems associated with the storage of long-term data sets. The storage capacity/physical size ratio offered by these technologies may be exploited to either obtain more accurate data for shorter periods or obtain data for much longer periods in a portable package, the major advancement requested by clinicians. HD/DD based data loggers offer a partial solution to these issues at present, but the high power consumption and relatively large physical volume of these devices limit their application. The novel technologies outlined in table 3 reduce both power consumption per MB and also physical volume, allowing the collection of large representative data sets over long periods to become viable.
The same portable electronics revolution has resulted in the advancement of battery technology: relatively compact batteries are widely available from several manufacturers with significantly higher capacities than those currently used in ambulatory monitoring, for example the Sony N-PF960 7.2V 7000 mA h Li ion microprocessor controlled battery (Sony Elec., San Jose, CA, USA).
Companies involved in the area of ambulatory data logging should exploit these novel storage and battery technologies to enhance the function of their systems. The technologies outlined are expected to continually advance and improve, illustrated by at least a 100% increase in capacity in a one year period for each of the storage technologies outlined in table 3. The continuance of the development at this rate will result in an exciting array of parameters and durations the clinician can analyse.
Conclusions
Ambulatory monitoring has made significant advances over the past several decades and it is expected these advances will continue due to the availability of novel storage media. The developments that have been made since Holter (1961) described the ECG data logger have been immense, including massively increased storage capacities, advanced power management, pre-storage filtering/data-selection capabilities, data-reduction algorithms, real-time waveform display, intelligent data loggers with in-built communication abilities, data reduction techniques and the move towards digital storage.
The storage media utilized throughout the clinical environment for ambulatory monitoring has expanded since the 1960s from magnetic tape to include solid-state memory (SSM) and hard drive/disk drive (HD/DD) technologies. These digital storage media have numerous advantages over analogue tape including the ability to pre-process data digitally prior to storage thus allowing the realization of data reduction and 'intelligent' data logging. The development of digital storage media has led to the availability of longer monitoring times and/or greater sampling rates and data resolution. This development has enabled the clinician to utilize ambulatory data monitoring in a variety of novel ways. The resultant increase in the number of parameters that can be measured in an ambulatory environment will ensure that the advancement of monitoring technology continues.
Although significant developments have been made since the 1960s several problems still exist in the ambulatory assessment of human subjects. Irrespective of whether digital or analogue recording is utilized, the major limitation to long term-ambulatory monitoring is presented by the lifetime of the power supply, as with all ambulatory instrumentation this must be a battery. The lifetime of the battery is dependent on all the elements of a monitoring system including data acquisition circuitry, storage circuitry and type of sensor. The need for natural unencumbered monitoring limits the battery type (size and weight) that can be used by researchers. Power conservation techniques need to be considered when ambulatory instrumentation is used for long durations. The high power consumption of advanced digital storage media is viewed as one of the major limitations in long-term (>24 h) ambulatory monitoring (Jain et al 1996) .
The issue of storage capacity, a perceived limitation during the start of the 1990s, has been somewhat addressed by HD/DD technology and increasing SSM capacities. With HD/DD units allowing in excess of 25 Gbytes of storage, SSM modules with capacities <128 Mbytes, and novel storage media with capacities <1 Gbytes (at the time of going to press) data logger hardware technology is limited only by the non-availability of high-capacity batteries An important issue to be addressed in ambulatory monitoring is the non-availability of calibrated comparative data. Studies outlining the use, suitability and advantages of ambulatory monitoring technology must be careful to include comprehensive results of a validity testing procedure.
In conclusion, it appears that the technology of choice for ambulatory monitoring is digitally based storage media. As ambulatory monitoring technology continues to advance, and developments in digital storage media and systems continue, enhancements in the area are ongoing. The limitation imposed on the length of recording is due to limitations in battery technology, an area that is ever evolving due to mainstream mobile electronic devices. The appearance of novel digital storage media during the past few years may offer an alternative to the media currently being investigated for storage; the main focus however must be on storage media with significantly reduced power consumption.
